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REMARKS 

Claims 1-6, 9-10 and 17-23 are pending. Claims 7 and 8 were previously canceled and 
claims 11-16 were previously withdrawn. Amendment of claims herein is made without 
abandonment of the original subject matter; applicants reserve the right to pursue claims of the 
original or similar scope in a duly filed continuing application. 

Claim 1 has been amended to recite that the gene or gene fragment carried by the vector 
is imder the control of an eukaryotic promoter. Support for this amendment is found, e.g., at 
page 4, line 22, as well as page 13, line 6 and page 14, line 20 of the application as originally 
filed. Claims 9 and 23 have been amended as requested by the examiner to clarify the recited 
gene. Claims 17 and 18 have been amended to recite that the gene or gene fi'agment encodes a 
polypeptide capable of inducing an antibody response and a T-cell response. Support for the 
recitation of "capable of inducing an antibody response" is found at page 7, lines 12-13, and 
support for "capable of inducing a T cell response" is disclosed in the headline in the middle of 
page 5 of the specification. 

Thus, all claim amendments herein find basis in the original specification and no new 
matter has been introduced. 

OUTSTANDING REJECTIONS 

The rejections of claims 9 under 35 U.S.C. § 1 12, second paragraph for asserted 
indefiniteness was maintained. Claims 1-6, 9, 10 and 17-23 were also newly rejected for 
asserted indefiniteness. 

Claim 1 and all claims dependent therefi-om and claim 18 were rejected under 35 U.S.C. 
§112, first paragraph as assertedly containing new matter. 

Claims 1-3, 9-10 and 17-23 were rejected under 35 U.S.C. § 102 in view of Yang et al., 
J. Immunol. 145:2281-2285, 1990 ("Yang"); Tite et al., hnmunology 70:540-546, 1990 ("Tite"); 
Verma et al.. Vaccine 13:142-150, 1996 ("Verma"); and Fouts et al.. Vaccine 13:1697-1705, 
1995 ("Fouts"). 

Claims 1 and 4-6 were rejected under 35 U.S.C. § 103 additionally in view of Rock, 
U.S. Pat. No. 5,869,057 ("Rock"); Sztein et al., J. hnmunol. 155:3987-3993, 1995 ("Sztein"); 
Vogelstein et al., U.S. Pat. No. 6,054,570 ("Vogelstein"); Chada et al., U.S. Pat. No. 5,736,388 
("Chada"); or Frankel et al., U.S. Pat. No. 6,099,848 ("Frankel"). 
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REMARKS 

Summary of the invention 

In order to facilitate the examiner's imderstanding of the nature and character of the 
invention in more detail, applicants enclose the scientific publication Darji et al.. Cell, 91 :765- 
775 (1997) (Exhibit A) authored by the inventors of the present application. This publication in 
a highly regarded peer reviewed joumal parallels the present application, which shows for the 
first time the successful genetic immunization of vertebrates using an attenuated Salmonella 
strain comprising a eukarvotic expression vector . The point of the invention is not to elicit an 
antibody response to a protein expressed by the Salmonella, Rather, the invention is genetic 
immxmization using genes or gene fragments that are expressed by the host receiving the 
vaccine . In contrast to the art documents cited by the examiner, in which the Salmonella carried 
a vector containing a prokaryotic promoter, the vector in the vaccine used by applicants harbors 
a eukaryotic promoter (CMV immediate early promoter) that allows expression of the gene in a 
eukaryotic host cell. 

1 . The rejections imder 35 U.S.C. $ 1 12, second paragraph 

Applicants have amended claim 9 as suggested by the examiner at page 4 of the official 
action. The rejections of claims 1, 9, 10, and 23 and claims dependent thereon at pages 6-7 of 
the official action are mooted by the amendments herein. 

One of ordinary skill in the art would clearly know the difference between a polypeptide 
and a protein; however, applicants have removed this language fi'om the claims in order to 
expedite prosecution. 

2. The rejections under 35 U.S.C. §112, first paragraph 

The rejection of claim 1 and all claims dependent therefrom as assertedly containing 
new matter is mooted by applicants* amendment of the claim to delete the recitation of 
"polypeptide protein and/or antigen". 

The rejection of claim 1 and all claims dependent therefi-om as assertedly containing 
new matter because of the phrase "carried by the vector" is mooted by deletion of this language. 
However, applicants respectfully point out that the term "vector" is supported in many places 
throughout the specification, including at page 2, lines 19-22, page 3, line 29 through page 4, 
line 1, page 4, line 22, page 13, line 6 and page 14, line 20. 

The rejection of claim 18 as assertedly containing new matter because of the phrase 
"IgGl, IgG2 and/or IgGA antibodies" should be withdrawn. It was apparently the examiner's 
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position that the specification only supported the "and", not the "or." However, the examiner's 
position is unsupported by the specification. The description of the various antibody responses 
occurs in completely separate sentences at page 7. Moreover, the IgGl and IgG2 responses are 
discussed independently of each other at page 13, lines 15-28, and without discussion of the IgA 
response. Thus the specification clearly conveys to one of ordinary skill in the art that the 
specific types of antibody responses are contemplated individually in the alternative. 

3. The rejections under 35 U.S.C. $ 102 

None of the cited art, Yang, Tite, Verma or Fonts, discloses an attenuated Salmonella 
strain which comprises a eukarvotic expression vector that allows efficient expression of the 
heterologous gene in the eukaryotic host which has been immunized with the Salmonella, All 
of the cited art merely disclose Salmonella strains bearing heterologous genes under the control 
of a prokarvotic promoter . The ability of the immunized eukarvotic host to express the gene is 
an important point because that is the mechanism by which the genetic immunization occurs. 
Applicants* experimental data at pages 8-10 showed that the immune response generated by the 
vaccine was due to the in vivo transfer of the gene and expression of the gene by the mice, not 
due to the expression of the gene by the Salmonella, 

The examiner's repeated statements that the vectors in the various prior art attenuated 
Salmonella strains were capable of expressing the heterologous gene in the vertebrate host are 
incorrect. Applicants are unaware that significant expression of a gene by a prokaryotic 
promoter in a eukaryotic host is possible. 

Thus, because none of the cited art discloses an attenuated Salmonella strain comprising 
a eukarvotic expression vector (imder control of a eukaryotic promoter), the claimed invention 
is not anticipated and the rejection should be withdrawn. 

4. The rejections under 35 U.S.C. S 103 

None of the secondary references cited by the examiner. Rock, Sztein, Vogelstein, 
Chada or Frankel, corrects the glaring deficiency noted above imder section 3. Sztein describes 
oral immunization of humans with Salmonella strains that have not been transformed with 
expression vectors at all, much less the type described in the claim. Frankel deals with 
immunization by Listeria, 

Applicants note that Chada and Vogelstein do not deal with attenuated bacterial strains, 
let alone attenuated Salmonella strains for the vaccination of vertebrates. Vogelstein teaches 
the selective expression of desired genes in cells expressing oncogenes. Chada merely teaches 
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bacterial phage-mediated gene transfer systems capable of transfecting eukaryotic cells. Thus, 
Chada and Vogel stein are not properly combined with the other references cited by the 
examiner because they are from a different field and furthermore because the examiner has not 
shown where in the art such a combination is suggested. Moreover, even if the references are 
improperly combined, the combination does not teach applicants' claimed invention. 

Thus, the cited references do not render obvious claim 1 or claims dependent thereon. 

CONCLUSION 

For the foregoing reasons, each of claims 1-6, 9, 10 and 17-23 is believed to be in 
condition for allowance. Accordingly, the examiner is respectfully requested to withdraw the 
outstanding rejections of the claims and to pass this application to issue. 

Dated: December 10, 2004 Respectfully submitted. 

By. 

Li-Hsien Rin-Laures, M.D. 
Registration No.: 33,547 
Attorney for Applicants 

MARSHALL, GERSTEIN & BORUN, LLP 
6300 Sears Tower 
233 S. Wacker Drive 
Chicago, Illinois 60606 
Telephone: (312)474-6300 
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An attetiustod strain of S. typhvmiriumhas baen usad 
85 9 vehlda for oral ganatiG Inminlzatlon. EtAaryadc 
expmslon vactora contirovng truncatad gtnn of 
AciA and Dstertolysln— two vtridence lectors of listeria 
monocytogenes— have baan us«d to trsnsfonn S. 
typhhnuTfum aroA. MuMpla or even singleoral imitmnl- 
zations wOh such transfbrmams Indueed eKcellent 
caBular and humoral ragponaaa. hi addltk»v p f v te< Jiv e 
fanmunfty waa induced wtth llstoriolysin iransfonnants* 
Tha quality of the responses suggested a transfer of 
plasndd DNA frem the bfiCterlAl carrlar to riw hosL 
Such nnsfer was unequivocally shown In vftro vrtth 
prtoiaiy peritoneal macrDphages. We describe a lagHy 
varsatite system for antigen dellveryr Identification of 
protective andgens for vaccination, and etRdent gsifr- 
eratlon of mtibotSes agavnsi the product of open read- 
ing ftamas prBsent on virtually any DNA salaam. 



bttrodtjction 

The design of eftldent vaccines against infectious dis- 
eases remains a major challenge in medteal science. 
Low cost noninvasive admNstretion^ Itfd-long pro^ 
tectlon by single doses combtned with ease of prepara- 
tioa storafje, and transport are desirable goats to be 
achieved, in dils respect Ova, ananuated bacteriat carri- 
ers that express hetaotogous antlgans are atHBcUve 
vehicles for the oral deOvery of vaccinas. This type of 
deDvery should result in a broad spectrum of both muco- 
sal and systemic Immune responses. WhDe oral subunlt 
vaccines usuai^ need to be coadministefea wtth adju- 
vant pioteins, such as cholsra toxbir to evoke an effec- 
thw anmune response (Brown et aL. 1987; Flynn et al.. 
1990), DvB replicating vectors pn>duce their own immu- 
nomodulatory factors (e.g-r cafl-wal components) in 
situ, which also oonstlnites an advantage over other 

^To whom CCTT«$pona»nQA should ba addreBsaiL 



fomis of adnUntstrstion such as microencapsuladoa 
Moreover, the use of the natural route of entry could 
prove to be of benefit since many bacteria, fike Salmo- 
ncAa. egr»8 from the gut lumen via the M cells of f'eyer's 
Patches (Neutra et al., 1996; SlebOTS and FInlay, 1996) 
and mlgrBte eventually Into lymph nodes and spleerv 
thus allowing twgatlng of vaccines to hductlve sites of 
the Immune system. 

GeiMdc tmnmirozatlon has recently provided a prom!s> 
Ing new approach to vaccination (for review, see Don- 
nelly et bL, 1997). Isdated pbsmld DNA— tnirodiiced 
into nutsda or skin of the host-^ds to expression of 
ent^n In the host cells when transcr^'on is drfven by 
Bukaryotic controtelements. This has led to and T-ceii 
stImulaUon and to protective responses. How these le- 
sponses are generated still remains und«ar. Muscle 
cells apparently express knv levels of MHC dass 1. but 
lack MHC dass II and costihiLdBtory molecules. Al^ 
though it IS not known which cells flmctkm as antigen- 
presenting ceflfi (APCs) under these ckcunstances, k 
Is likely Uiat resident dendrltk: cells or macrophages 
capture the antigen and migrate to lymph nodes and 
spleen to sdmulate 004-^ and 008'^ T cells, indeed, 
antigen-expressing dendritic cells have been observed 
rOKowing genadclmmuntzatkm via the skin using a gene 
gun (Condon et al., 1 996). It b not known whether DNA 
^ also transferred direcdy Into dendridc eels when pias* 
mids are applied to musde tbsua 

Sevml advantages of genetx: ^munlzatkmovercorv 
ventional vacdnatton have been observed. The DNA can 
be dfiFtected f&r a considerable pertod of time and Ihua 
acts as a depot of antigen (Zhu et al., 1993). SequvK» 
modfs In some plasmidsare Immunostbnulaiory and can 
function as e^uvants (Krl^ et el., 19%; Masstna etal., 
1 991 ; Yamamoto et al., 1 9S2). Coaxpresslon of cytokines 
entances the response and ofhsrs the posslbmry of mod- 
ulating the Inductkm of an immune response Into a de- 
sired dlractkmpaangend Erd* 1995; Getsslaretal^ 1997; 
Kim et al., 1997). Despite thb, several obstacles need 
to be overcome before genaral appPcablllty can ba 
achieved. 

tr It were possible to delhwr plasmkis for gertedc Im- 
nuatlzatkan with an attenuated bacteriBl canrtefr the ad- 
vantages and versattlMes of both systems coukJ be 
combined In addltkia the natural route of adnMstra- 
tbn would deffver DTM to oeV types that have specffi- 
calty evolved to Induce Immune responses. SalmonellB 
spp. are particularly suited for this purpose because of 
thaesoensfve knowledge on the geneUcs and physiology 
of many strains. A large body of documentation aheady 
exists pertaining to their utHrty as heiterologouB antigen 
carriers capat)i6 of Inducing protective Immune re- 
sponses (Newton al., 1999; Falnweather et al. I99(h 
reviewed by ChaineldetaL 1994: Roberts etal., 1994). 
Safia attffvjsted strakts of Salmonella are avalakile and 
are atreedy in use as vaccines hi man andfiarmartfmals 
(Germanler and Forer, 1975; Hassan, 1996; Stelnbachr 
1996? Fox, 1997). Finally, recontblnam plasnrids con- 
structed m Mboratory strains of E. coll can be directly 
imroduced Into saimonsltae without hmher manipu- 
lation. 
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Here, we report that orally adrrun'stered attenuated 
Salmonena typhtmurlum aroA tucteda carry^ plas- 
mlds contalrting the coding sequences of ^-gatactosi- 
dBse O-^aO of E$cher1chb coD , or tmncated forms of 
ActA or BsteDolysIn of Listeria monocytogenes, each 
under the control of en eukaryotlc promoter. Induce 
efrident humoral and cellular immune responses. The 
strength and kinetics of the responses is only compatl- 
with the tnterpretadon of a transfar of the expression 
plasmld from d^e Selmonelta canler to the nuctous of 
APCs of the host g-galactosldase activity was detaa- 
able 5 weeks after administration of the oral vaccine. 
In addldon. In vioo experiments with mouse primary 
macrophages demonstrated an efftdent transfer of plas- 
mld DMA ftum attenuated bacteria Into the nucleus of 
the phagocytic host ceBs. 

ResilllS 

To achieve genetic tmmuRlzetlon wfth a live, attenuated 
bacterial carrier, three plasmids tMSed on the commer- 
cially available plasmld pCMVp ware used. TTils plasnid 
contalrts the Structural gene of p^l under the control 
of the human CMV Immedlate-eariy promoter and In- 
cludes a splice donor and two spUoo acceptor sites 
between the promoter and the structural gene. For stud- 
ies examining the emctency of the Immune response 
against pathogens, the p-gal gene was substituad by 
genes encodk^ two Virulence factors of Listeria mono- 
cytogenes: e truncated gene encocflng a nt)rtiemolylle 
variant of the Usterlolyski protein (pCMVhIy} consisting 
of amino acids (aa) and a tnancated gene of 

the rtiembreno ptneh ActA (pCMVactA) encoding aa 
31-613, were used. The 5. typhlnwrium aroA strain 
SL7207 was transformed whh these thrae plasmids, and 
groups of mice were oraBy imnrumlied by feedli^ 10* 
organisms to each mouse per ImmUriZfitioa This dOSe 
was found to be optimal (data not showrO. None of the 
nnce showed any overt signs of Utness during biYnunl- 
zadon. 

btductlon ol a Strong T-CM Response 1^ 
frmramlzatlon wlih Salmonellaa Carrying 
£uicaryotlc Eiqmston Vwtors 
These oxperbnents were based on the wortdng hypothe- 
^ that oraDy administered 5. typhimurhim aroA woiM 
result In uptake of the bacteria by macrophages and/or 
dendritic ceRs, with concomitant activation by bacterial 
endotoxin. After a few rounds of dhrfskm, Ino^acellular 
bacteria would die because of their habmty to syruhe- 
size essential aromatic amino adds. During this pro- 
cess, plasmids would be released and transferred hto 
the cytosol and the nucleus of the rnfOcteO cells. EventU'- 
ally, the encocM genes would be expressed by host 
APCs. 

The Rrst prediction of this hypothesis is that there 
should be a strong Induction of cytotoxic CDS T cells, 
since andgan would be expressed h the cytosol, the 
cellular compartment resporsible for MHC dess I pre- 
sentation. To this end, two kinds of experiments were 
performed. were efther oraDy Inf^fcted once wfth 



» 



recomblnam salmoneDae and the** cytotoxic T-oell re- 
sponses followed for several weeks tXf testing their 
spleen cells directly ex vivo (data not shown) or alter 
one restlmuiatlon in vitro. Altemadvely, mice were orally 
Immunized fourtlmes at 2 week tntenrals and the course 
of the cytotoxic response was eMmlned. Figure 1 dem- 
onstrates thflta strong and spedfic CDS T-cell response 
was eOclied wlih the orally administered Salmonella car- 
rying eukaryotlc expression plasmids. Mice hvnunbad 
with the truncated gene of totorlolysln elicited a re- 
sponse only toward targets sensitized with the frnmuno- 
dominant peptide comprising aa 91-99 of Isterlotysln 
(LLO) and not against targets sensitized with soluble 
hen egg lysozyme f^EU or a control peptide (Figure 
1A). Sffiularly, spleen ce&s from mh:a Immunized 
Salmonella cenylng the ActA expression ptasrrud could 
only respond to ActA (Figure 1 D). To reveal the cytotoxic 
response against ActA, we exploited the pore-fbrmfrig 
aoovity of Usteriolystn. This activity of l^tctlolysJn alkyws 
the kitroduction of soluble passenger proteins Into the 
cytosoloftafgatcslls(Dar)iaBU1995a, 1997). Stimula- 
tors and target cells were therefore sensltfwd with a 
mbcture of soluble ActA artd LLO. A specific response 
was observed only when the combhatlon of ActA and 
LLO was used. No response was found when LLO elone 
was tested. These responses were specific for the plas- 
mld^encoded antigen during th^ entire time period Indi- 
cated In Figures ID & 1C and IE ^ 1F^ and were also 
observed when the responses of mc& Immunized with 
Safrnorwila harboring the p-gal conM pbsmu was 
studied (data not shcwm^. 

The Kinetics of the re^ionses Indicated that even a 
single dose ellcfted a strong cytotoxic T«cel response 
that peaked 5 weeks after knmunlzatlonand then Slowly 
declned (Figures 1C and IF). On the other hand the 
response was sdK rising even at the end of the observa- 
tion period l.e,« 5 weeks after the bst booster dose, In 
mice that had received fbur doses (Ft^irBs IB and 1E). 
Thus* a strong cytotoxic response was observed with 
Salmonella as a veNde for genetic hvnunizBtion. 

Gen^ immunization In addMon usually evokes a 
CD4 helper-T-G8l response (Donnelty et aL. 1997). 
Therefore, c^ls from spleens and meseriterte lymph 
nodes of the same mkse used above were tested for 
their prollferatfve response against sohibte proteins. 
T?U9 type of response is mainly due to preserttation Of 
endgen via MHC class 11 molacules arwJ is carried out 
by CD4 T cells. AS shown In Rgun 2. a strong and 
spedRchelper-T-cea response, which paraDelad the cy- 
totoxic response* wae observed when eukaryOISc ex- 
pres^on plasmids carried by sakmnelae were used 
for Immunizadon (Figures 2A and 21^. As w9h the CDS 
response, a singto dose was sufTlctem for a good re- 
sponse that waa stll Increasing at the end of the obser- 
vation period, regardless of whether Bsteriolystn or ActA 
was used as antigen (Figures 2C arKi 2F)> Foir con- 
secutive Inununlzatbns, however, resulted In an even 
stronger response that appeared to be long-lasting 
since It apparently was still bicreaslng 5 weeks after the 
last t>ooster (Figures 2B and 2E). Similar results wore 
obtained with Salmonella canyhg the conuol plasmld 
expressing p-gal (data not shown). Analysis of the super- 
natants of the in vhro cultures revealed producUon of 
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Tfanc (Wcdu) 



nguel. Mticdon of QfUMoiilcTCBfe in Mia Onllytninn^^ 
LMenotysm or AciA FngnMnts 

Mtee were IrmiwazBd with 10* bftCMila tithcr (iour dme* At 2 wvek IntervBb (A, B. D, and E) or mem (C tnd F) wfth ScimoneBa cBnytaig 
pCMVNy ifir-Ct or pCMV«etA (D-Ft Spleen ceBa were resdmufatsd one* In vitfO witfl • lynfiet^ peptkle comprising bb B1-M of libty i iut y Mi 
(AO or with a mtttureorfHirtRed AoA «m] heinolyilcBDy Bcdw IlsteflotrsH wtiM waits m the cttts I pr«««>t9tlon(il ActAdue Is flwporB- 
romdng BCthrfty of DstBritifrsintPiqi «t aL 1W5a, 1097). RMlkmiUt^d T e«fi| were iBfiteil Mth radlctetoM Pei5 urgetcelDW M effector- 
tp-target n/Oa of 10:1. (A) Spedfldty at th* «nll-n»t*rl0^ln cyiMOMC responae. Target ceTb wbtb serKlUzed with h«n vgg lysozymo p4E^ 
pepMe aa ei-ga of ilstBriotysln or comrol piptUa as H7-1S5 of nuctvoprowin Of Muenza vfnis ^NP). IMsptayod li tfrt *xp«lrtiem 

ivitfi »plt«rt C«ft3 nom wMk 6 9fiCMm m Slmlar apeelfldly uraa otwerved at id othiT Chtw polm 

Kfrnttd of the CytOtonC fVSpOf^^ Of P4C4 knmuBtzod Ibur tlmra wtDi pCMVMy. anowt indicau tftc boostsr ImiminlzBtlona. 
(CI Kb»Uc8 of Ihe cytotoxic rv^miSa of irict ktmnuflfteO OAOa wKh pCMVMy. 

P) SpedAcfQr of the anH-AoA cytotoxic rrtpom*. Target cei) tv«r« »QfishteBd Mrftti a nrixtm of ActA wnC mtA9ty%ii^ (AciA 4- LK^ HEL 
and iBtarioiysh (HEL LLO), or Dstartolystn atona (LL^. (Nsplciyetf 1* ihe experftnent wllh raBtlmulBtBd sptmn call* fiOMn wMlC 5 M 
(E). Similar spedndty was obsenrBd el othsr Ana pants and hdudir^ Oth« *>ntr)«tlc peptideaef various aoiacas. 

(E) KiMiks or the cytotoxic T^B raapensa In inh» Immunlzsd (tour ttmas whh pCIMVlctA. Amm. Inctlcate boostar ImiiunlzstiDnE. 

(F) Klnedcs of ttie cytottudc T-ced reaponaa h mice Immuntzsd onca wilh pCMVactA. Th« spectflelty or the cytotoxic reaponse was Mm 
Bssassad by lasting th« spleen cells er imoe inmnunizBd In a similar way wkh pCMVp [0-9«« on cergn cells aenaMzed with pLLO, ActA plus 
Ustsriolyilrv or « 0-9*t-«tp(tsslri9 trftrtsfectenc of P81E (data not shown). Slndlarty, a spedHc cytotoxic T-c«l r«spo«k>« ife«s ebaented against 
p-gai, but the klnedc was not foDmred bi systaniBtically as Ibr the two othor en^Qona. 



IFNy by these Tcelts. No IL-4 was fdundr whbh suggests 
that such an ImmunbAtlon scheme malnty Induces a 
Thi or tnflammalory type of T-helper response. 

Induction of Spwdflc Antibodies by ImmunltttUon 
with SfilmoneHBe Carrying EidceryotiC 
Ezpmslon Vectors 

Pooled sere of the groups of mice used above were 
tested for the presence of spedffc antibodies. Clearly, 
In Bddltian to b cytotO}tic and helper-T-cel response, 
immunization tvtth sarrnoneUae canylr^ oukaryodc ex- 
pression piAsmids induced strong end spedRc antibody 
responses as revealed by £L1SA (Figures 3A and 38) or 
ImmunoUot (data not showh). Again, a single Inununl^e- 
tfon was sufficlem for a good response that peaked 4 
weeks after the administration of the bacteria and then 
declined In the same way as seen fbr the cytotoxic re- 
sponse. Four Immunizations did not Increase the ant^> 
body titer signlfhxaiUly but probably Induced a longer 



lasdr^ response siice the plateau of antbody titers was 
maintained even at the end of the observation period 
(Tlgures SA and 3B). 

Analysis of the igG subclass desmliutiDn in the Im- 
mune sm of trKUvMual mice at week 11 Indicated a 
high concentration of lgG2a, while the concenbetiotis 
of IgOZb and lgG3 were negligible (Figures 3C and 3D). 
This te In egreemont with the finding that only IFN7 and 
no couM be detected In the supematants of the 
restlmulated T-hetper eels. Howeverr I96I was diso Ob- 
served at high concentrattons in the immune sera. This 
subclass is found when ThS-helper eels participate in 
the immune response (Mosmann and Coffman, 19B9). 
which Indicates that under oiv experimental conditions 
Th2 cells might also be induced but were not rTveslecl 
in the in vttro T-ceB assay. In adcf tloa senim IgA am^ 
bodies were evoked by this Immunbatwn schedule (data 
not showrO- 

Taken together^ the results presented In Figures 1-0 



09/12 2004 16:32 FAX 089653982 



PA Boeters&Lieck 



* MARSHALL 



©019/026 



Cell 
766 
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FlStn Z MiiCtiM Of HllpeNT 

Spleen (SPC) end rymph node eels (UfQ frwn tw smw mtc* Cntttf for cytotCoJc T-oti responses described bi Figure 1 wvrv lOMvd POf 
T-hfi^ re^nsflG. Mice were Immurized vjthvr four timn B, D. and E) or OiK« «mS F} with lo^ Sslmomlle cenytng pCMVhIy (A-C) or 
pCMVectA P Md n end resOmilBied hi vttro. After Z iteys, proirBfBtto 
WSpecffidtyirf die p< ofi (fi'ttf*ewponM(rfapioM eels ftOTrntM 
In (B) at mek 11. Slinier results were obtained « ocher tkiK p^iis. 

(B) KbwUcs of the praflfen tin nSpome Of ipttert and tympb node cans from mice Immunized four times wkh pCWVJtfy. Arrows mdesla the 
booster hvnunludons. 

(q KinstlcB of the proHferettve rvsponte of Spleen M fympb node ceK) Boffl mice Immunized once wWi pCMVhfy. 

(U) 9pecindty rf u» protferabve rsepoose of spleen celb from mice Immunized Tour times wtth pCMVectA. T ceOs UieUkI rvere dte Uitte #9 

duee dispteyed in (p) et tveek ll. Stmtts renAaiirare obtained at odnr time potno. 

(E) Kln*tia or the proifentivB reoponsa of gplem and tyn^ node colls bmmizvd bur AMI wm pCMVactA. Aimvs IndlcBts boottir 
fartnuizB&inSk 

01 Kinetics of dte pruIfBrBth^ fttpODM Of »plctii end tymph node cHh Itom mtc« Immin^ or>C8 with pCMVectA. Spleen ^ l^fTpb node 
eels torn mteelmmmb&d wkh pCMV^ l^-gol) never reactBd vMi either fiilBriOlyein or ActA bUtCOUld i^^pofid lo rBBthniatlOn efttft H)il 



show that Immunization with S. typhlnwlijm aroA 
canning eukAryoHc fixpittssbn vectors can wdka r«- 
$ponfi08 In 8ll thTM spedflc efTector compartments of 
the immune systenv nemaly, cytotoxic CDS TcoOs, CD4 
T COBS, and amlhodle$. The response In the T-helper 
companment was strongly biased toward a Thi- or In- 
flammfltofy T-helper re«pon$a. 

Prtrt^cdoti against Lothal Dosas 
of L fnofiucjtO|^Cfic$ 

The strong rosponses otTserved abovd. in particular that 
or cytotoxic T celts, suggested that mice immunizecl m 
this way should be protactBd from s lethal dose of L 
monocytogenes. Therefbre. 90 days altar the first immu- 
nization or 4$ days after the fourth bnmunlzatlon (whoa 
appdcablo) mtee wsfo chaHonged htravenously wUi a 
do«a of bacteria corresponding to 10 x LD^ Figure 
4 Shows that animals that were tmmuntzed four times 
consecLrtKofy with satmonelbe hartioring a eukaryodc 
QXpr^sston vector that encodes truncated LLO wm 
complfiteJy protected (Rguns 4A). Ardmab that had re- 
calved on^ a single vacctnatkm were slgniftcantty pn9> 
tactadr and 60% of the antmab were stIP alive at Ihe 



time of temrinatlan of the experiment, AO animals that 
were Irrtminlzed with salmonellae that carried the ^-gal 
control plasntid were not protected and died wfthin fbur 
days. Perhaps surprisingly. Immunizations with sakno- 
nelae canying the ActA expression plasmM did not re- 
sult In protection, although strong cytotoxic andhelper- 
T-ceD responses could be d^nonstratod h such mice, 
lndl{:atkig that the immunization had bean successful 
(data not showri). Thus, the listerial membrane protein 
ActA Is not a protecdva amtgan. 

Evidence fior Transfer of the ExprmMon PtaamM 
1^ ttie Carrier SafmonaOia to Host Cefls bi Vivo 
We were concerned that a wsak acthdty of the eu karyotic 
promoter in the host bacteria or a cryptic prokaryotic 
promoter In the plasmld might have resulted h expres- 
sion of the ant^iens bi the bacterial cantor, thereby eNo- 
iting the potent immune response. In fact the recombi- 
nant satmonellae harbcrtng the pCMV^ ejdnbited low 
p-gal activity (2-5 compared to the parental strain. 
To assess this possCbOl^. we immunized mice with a 
recomblnam Salmonelb strain that produced more than 
100-fold higher levels (334 ID of ^-gal enzymatic act^ity. 
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Figures. KlrtatkaandSubctBSsDhtributionof SpCCncScrunlgG 
Sere from the ssirw irfc* MXMl for cytotoxic and pro! faretW© T-cal 
rBsporn^S d«»crib«4 in Figuns 1 and 2 wbtb lead ind «ss«ytd In 
Epvcffic £LJSA». Mce were fannuilzed (bv ttmes (fV) or am (B) 
with pCMVHiy, pCMVtCtA. orpCMVp, reapMlhnly. and pooled son 
were tested for Bnttgen-tpecfne senim 19a To easeaa spedfldty, bB 
sere were taslBd onaO three antigen*. R*«aivll]| w«4«nlyolnarved 
against the bnmunbtne anttgon {data oot «iiowt^ Memfeal lesults 
were obtained by Imminoblottkig uiing the slm# AfKi94n$ (09t9 
riotsnom^.'nw aubclftas diatrlDutkm 11 weeks I bertha Pr» IrWiU- 
ntzidort wa* detennfned from the 9BTa of hdhrtdusl ntloo brvnuntoad 
four time* (cl09«d symbols) or onoe (open aymbols^ trfth «fth«r 
pCMVhfr (C9 or pCMVMtA (t^ 



A single vaccinating dose Qstng thd&6 bactefia dW not 
elicit any rmasurablB T-ceS or antibody responses <Flg- 
ures 5A-5C). Repeated vacdnatloa however, resulted 
In a weak cytotoxic T-ced response, detectable after 
In vitro rcstimulatton, although It barely reached the 
strength of the response observed using a sfngta immu- 
ntzation wfth selmoneltde rufboring the eticaryodc 
expression plasmld (Figure 5A). Neither a CD4 T eeO nor 
an antibody response wes observed, even after re- 
peated oral Immunization with seknonellae constitu- 
tlvely expressing p-gal (Figures 5B ar^f 9Q. 

As a result oT the aroA rmiiedon. bacteria do not ap- 
pear to survive very long since ive t>actefta could never 
be recovered from immunized anhials et the various 
time points examined. Nevertheless, ^-gal ectMty was 
detected In adherent cells— most Rkeiy macrophagas— 
tjiom the spleen of mice 5 weeks after oral ednrinistretlon 
of setmoneaae l»rt>orlng the eufcaryotic ^-gal eJOsres* 
skm plasmld. Which suggests that ptasnid transfer to 
the eukaryotio cell had taken place (data not showrj. 
To extend this observation we ejected salmoneOae car- 
rying the pCMV^ vector into the peritoneum of mice and 
hanfBsted the petftoneal exudate after 1 hr. Subse- 
quently, cells were cultured cnremlght In the presence 
of tetracycline to Inhibit bacterial protein synthesis and 
then stained for p-gal acth;!^. ^-^1 activity was ob- 
served in a large number of macrophage-Bce cets. The 
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FlginA. Prmeclhrelmnnna Response ite Oral Genatfelmniini- 
zatton 

Omt^ of atx mke wera ImrTmnlaed four thnaa tt 2 weak intenab 
(A) Of ^ im wfth Sdmonela a^V^ pClunMy, pCM^ 
or pCMVP M Chananged bitrBvenousiy wtlh e leM dose ef S X 
ID* L roonoeytogenea EGD flDX LDb)> Micb that bod been imrvw- 
itbsd only once wkh pCMVNy shmved signs of dfstress one <Sty 
altar ln|Bctkn and two died 3 days laier. wbereas the refraining four 
recovered and survWed bi good coiWition unUl the experiment wss 
lenninlied 2 emks later. 



stalnhg was diffuse and ctearty not restricted to the 
endocytic veskHes In whidi salmcnettae usually reside. 
This suggests that plasmld DNA was efficiently trans- 
ferred ftom dying salmonellae to host ceHs- 

DNA Transfer Ihxn S lyplwnurium aroA 
to Mammalan Host CeHs In VKro 
To obtain dtect evidence that DMA transfar from the 
bacterial carrter to the mouse macrophages can take 
place, prnwiy peritoneal macrophages were Infected 
in vitro for 1 hr with salmonellBfl hartiorfng the ^-gal 
expression plasmld (pCMV^X after which gentamkdn 
was added to kiaiiamalnlng extracellular bacterta. Tetra- 
cycline was added 4 hr latarto kB ariy viat>te inbacellular 
bacteria. After overnight IncUbatlon, cells v^ero stained 
for ^-gal acttvity. Up to 30% of the adherent maCfO- 
phage-8ke eels exhibited p-gal actlvl^ despite the con- 
tinuous prfififlnce of tetracycline that blocks bacterial 
protelh synthesis (Figure 6). 

To figoroustously demonstrate that ^-galactosldase 
was symhesl2fid de novo by the host oelL and not by 
the bacterial vector, two types of experlmencs were per- 
formed. Fkst adherent perttoneal ceis were infected 
and treated as described above. After overnight fhcuba* 
tloa RNA was extracted.lf the piBsmidhad indeed been 
transferred aitd tianscrtt>ed In the nucleus of the host 
ceH, RNA splloe products derived from the spBoe donor 
and acceptor sites wlthbi the vector MUM be demon' 
strablB. By means of RT^PCR with a primer pair that 
hybridizes to sequences on either sMe of the smal In- 
troa a PGR product was obtained that corresponded 
to one of tfie expected splice products (Figure 7A), The 
identity of thb product was confmned by DNA sequenc- 
ing (data not shown). Second blosynthetlc labefing of 
proteins In the presence of tebacycU ne shouM only aBow 
transladon oTmftNA produced by the eukaiyotlc host 
ceDs. Adherent peritoneal ceHs were Infected as de- 
scrtied and were pulsed for a) mln with "S-methtonbu 
efter 4, 24, or 4a hr In the absence or presence of tetracy- 
citne. At 4 hr, no ^-gal couU be observed Ity Immunopre- 
dpltadon. even In the absence of tetra^fene where 
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Figures. Comparison of Or*!!^ InduM imitune Res^ 

Mica wera bnrmmlzM w)fi Seunonfib hartMrlng either the edunfotic w| i iwMiu fi ptkvrM pCMVp or ma pbsmM ptAH97 Out consthudvefy 
9-9al iron the Pr end Ps pnimotors of j^CT Psevdomfiiuj putfda. Bactarls hafboring tfi* •uKt/yotto vector ware admMxlM«d 
OraUy o^ce (ctooeti dicM* whereas badBria eotprBsstng ^-gtl under the controi of me prokaryoUc prOAmor were BdrnMstered dther onoe 
(dosed cTmnortds^ Of nourUmas wfth 2 week intervats (dosed i^sMe-dOwnmaitgles^ The arrows bKOceta di* (nh* ofboosief linfflimlialk)n& 

(A) CytotHdc r«spome Of re^ElmuiKaci spiBon cetb tamsd ai an eRvdor-W-Utr^tt ratio or 10:1. The p-^Kwpvithg Vtn^fe^Bnt Pia.l wag 
used u targot In Ui« JAM 

(B) Piolif»ntiv« h«)per-T-cei response of apleen cells wfth tsolated O-gol 0» •ndgen. 

(0 ArdiHidy rvipcme *$«irtsi 3-91! from pooled sera measured by EUSA. DiM d)»pl«yed to CaHC) were obtilnvd wim eel» or sera fm 
the 5Bmenik». All asssyiwM performed es described In nguras V3, 



bsctenal pioducts should hava been laMed {Figure 76). 
Thus, cransfer of plasntid DMA and eukaryotic expres- 
sion had not yet taken pbce. HoMmsr. p-gal cxxild K>e 
ImmunopredpliBCed after 24 or 46 hr of lnciit>stloa flvtn 
when tatracydlne was coritiriuou5ty present during both 
tha fncubation and labeling period. Preincubation oftha 
antl-^-gal antibody With en excess of untabatad p-gai 
damonstrated the specffldty oftha Invnunopred^ftadDn 
(Flgura 7B, lane 10). This clearly IrKtlcates that tha pre- 
dplt&ted ^-gal was produced by the Infected msmm^ 
Ian host cefl hseir and not by the bactertum that had 




Figure a Expression oT $-GsH Activily m Peritoneal EJiudete Cel9 
Fresh^ Isdatvd p em oneel eiudale eels (PECs) were slowed to 
BdherarkirZhrendMrereiftrecttdtt anMOIer iDforlS mfaiwUi 
Selmonalla beedng pCMVp in «nttl)toHe^.frBe medium, FoUowtnB a 
wuh and eddldon of yeiiuni(yCii CO Ml oxtroceluier beAerie, bicu- 
batlon WAS oontlnuad torV^ hr et Src, and tttrecycfine then 
•dded V9 m« medium to klU any vfaMe tiacterta by blodung their 
protein gymhesta. After 24 ttt, exprteelon of a-^ai eedvlty fai up id 
3096 oT the adheipnt cell populaliDn wax observed. Ort^ maco- 
pfB^e^Bie ceos cotpmMd en^mu^ acdvfcy. The smen celbfoun^ 
b thecullures moet IRtely represent nonadhermt rymphocytes diet 
were not removed In this particular experimem, SteinfrtQ tha ee&s 
at the dme of addtdon ol tatrecycen dU nocrevee) any enzymadc 
acdvtty. 



orlglnaHy carried the expression pidsnnld. Thus, a trarB- 
fer of the piasmM from sabnohellae to the host eel must 
have taken place. 

EHscusskm 

The transfer of eukaryodc expression ptasmkis fhrni at- 
tenuated enteric bacterto Imo the nucleus of host calb 
has recently bean demonsbated- Auxotrophk: nuilants 
of Shigella and E. col that express the Invasln of Shigella 
can Introduce eukeiyotrc expres^on plasmMs Into host 
eels (Courvallnat al^ 1895; Slzomoreet al.* 1995). Given 
that both bacteria are capable of scaping from the 
phegotysosoma Into tha cytosol of the host cell It fol- 
lows that lysis of bacterte m tHs compartment wouM 
alow transfer of the released ptasntld DMA kito the nu- 
cleus. TransfBT of pbsmkj f^ IntraceOular pathogens 
such as SabnonsOa wouU be harder to knagkM, as these 
t»cterla are generally ratatned within vacuoles of the 
Infected host ceH. Indeed, only a low efficiency" of 
plasmid transfer kito a macrophage ceM finiQ uskigattarv- 
uated SatmoneDa had been reported (SIzamore et al^ 
199$). OiF hMal experiments using several macroptiage 
cen Knee canfkmad tMs obsmration (data not shoiwm). 

However, the Mnatics and $Oer)gth of die Immune 
response eldtad by ad i ni i i b tr atto n of SabnoneDa car- 
rying eukaryoticexpresslcn vectors, which we observed 
here, suggested that a plasmid transfer can take place 
In vh/o. We therefcre deckfed to kwestfgata prtanary 
macrophages Isolated tram the peritoneum of mice. 
Compelling evkiertce fbr a transfer of plBsmkl DNA from 
SebnonaUa to the host eel In vkro was obtained. Both 
the spldng of RNAr and proteki synthesis k> the pres- 
ence of tetracycSne, ore only posslbki If the gene is 
expressed by the eukaryodc host cel. Evfcienoe Out 
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Flgm 7. The Eukaryotic Hon CaOt Tfftnscrib* andTrtttstm mo 

Derfwed from S. cyphlmurkim sfcA 
shm PiBsinid 

W RNA 4eih«4 fWn PEC9 24 hf tm iftfactton w(th Satmonelte 
urrylng pCM^3 w»$ «TAfyXM bgf RT-PCR A pflmef pftb M Oor- 
d« the spltca donof end accepior sHbs dnwnslrBBni of tfis pranw- 
tor was used. Tn lane Z A bsnd of 106 bp DntflcBtBd bj ttw Biruwl 
w«9 aezcoedl DMA ^equendng {dentKled this rkngmot as a aplce 

fnotfuct TTwrnos*' 227 bp RvgnMiU 4«tn in mil i»ne ■» Mher 

duetocgryDwrofDMAtrno lhalWprtp»rtliOnOrdu» toiW W CtliU 
spndng. Una 1 shms tfM untraitsd nwcrvphag* ccntfol vDd tf^ 
lane tnerked |M) contahs Ibe motscular slie msriier usid. Snce 
dw signal of tAB apdcfl pRidiKt im eitiTOrtGly weak, we tnvm^ 
calers from u«iha to tHacM. TNa nauNad In an bictBBSfi of cuntreBt 
«nd aflovMttevisu«|izatioflof ihespncfipfwiijctcnttwyapik 
(B> weie intected iMkti pCMV3 canytag SaHnonellD as de- 
scriM and, aftw mCubaliDn fot vaffOii» l«i>gtni oT tifno. b to jyn thti c 
labeling was perffymedwkh'S-methtfxilne In the pnisenca or ab- 
MiK* Of Mvscycsnou (i9iO«tfad immu^^ 
spvdlte moftodonai •mlfcodi«». Cdtirol*; (i) Bhk c«a»: <z) bhk 
csOs trensfectad with (posltiv* contraO. IftTtcted PEC»; (99 
tncubalad 4 hr posUnfectlon without tBtracjcInt; (4) Ibcubatid^ hr 
p09tkifectlon wtm tetracydnB diring tobeltn^ (5) IncutMted 4 tir 
po iUtfwto i) wttfi tev«cycBi« durtng tnciA^atbn and labeik^ 0) 
incid»M»d 24 hr pMtinffecdon *)d»tft tetraeyciiae: (7t Incubated 24 
hows pBstbAcJun w(di wncytOm Mn^ taMIng; (E) incubmd 
24 hr po&tM^cdim wfth iBtiBc^^dhB during inn^^ 

lAcubJlfid 40 hr poathfecdim wttlmui tstracycQne; no^ 
4fi hr poadnfaetlon with tetracyche djrtng lBbdkig.ln Mb case, a 
lOQi^ld «vc«45 of umabalad p-gal ewer tha preclpltBtli^ aid&XHly 
w«) «dd«d 10 pie iy»Ke berore tmmunapfcclpliatlon; (1 1) bio^^ 
of 48 hr poichifvction with iw*cj fC K rt> du^ Isbeftng: (139 tACU^ 
dOrt 40 hr pottfnftoC^ wtth tora^Clne OMrInQ incubei^ 
tng. No 3pec«c band was obserwd jftar 4 hr of ^neubalton under 
tity c«ndhlom. However, after eiiowtng 24 hr or mora fbr a ONA 
tTBrwfflr imJ uprvsslon to occur, « Sptdficbafid for IndiCMed 
by the antm^ can tw observed. 



iransfief of the expresston vector }in vivo responslbte 
for inductiDn of the strong Immune resp^^ obsorved 
was abo obtained. Although vtebte Salmonelb could 
not be foisted one weeK after the last booster, ^-gal 
activity was obsenM m some adherent ceUs S weeks 
later, which suggests that p-gel eiqpre^^ caimot be 
due 10 msidual survh/Ing SatmonoHa. It Is, howevv, 
intriguing how such antfgen-expresslng cells C9n coex- 
ist in the presence of spocHc cytotoxic T coHs. 

A pathway that pennlts trensf^ of proteins from endo- 
cytic vesicles into the cytosd of s^ne ceil type&« Includ- 
ing macrophagas. Iras been described (Rets de ScRisa 
and Germain, 1995; Nort>uy et aL. 1995). Whathar or 
not such a pathway Is also rasponsbla for the transfer 
of nucleic acids reportad hsra remains to be dartflad. 
The fact that piasmld transfer with Salmonalla was orriy 
observed with primary macrophages and not wWi ceH 



tines suggests the presence of a transport pathway that 
only operates efficientry in primary cells. 

Strong cytotoxic and protacttva rssponaes toandgens 
delivered by Salmonelte have only tiean leportad with 
Setmoneaa recombinants that sacratA tha antigens; no 
comperabte responses have been reportad using Sal- 
monela thatconstitutiv^ express nonaecretod heterol- 
ogous proteins (Hess et el., 1996). Tianar at at. 0993) 
have demonstrated that Mgh doses of racomblnantbac- 
teria expressing tntracetlular protaJn am raqutred to 
duce CDS T ceRS. Although Induction of spacVk: anti- 
bodies has been described mder some experimental 
conditions (Guzman et al., 1991; WaM(£r etal, 1992), no 
antibody rasponse was observed under the e)q)erltnen- 
tal conditions used by Tumar at al. (1993). This was 
confirmed by our own results Figure 5). We therefore 
conshJer rtto be hlgM^ unfflcely that the Strong cytotoxic 
and halper-T-cel responses and spectfic antibody pro- 
ductton are the results of ariy fortuitous expression of 
the antigens In ths SalmDneltB carrier. 

The strertgth ofthe ^mune response ObserVed„even 
wirh 8 single Immunization, WJlcBtes that transfer of 
DNA by bacterial carrier is prot>atyly superior to that 
acMeved by dkect appHcstlan of isolated ptasmid DNA 
Into skin or muscle. This suggests that by using the 
natural port of entry of a pathogea the expression vector 
Is bwtsfensd into ceD types that have evolved to effi- 
ciently Muca an Immune response, n is tikely that the 
SaknoneBa canter Is taken up by macrophages and den- 
drtdc cells. Whether macrophages play a role durfrtg 
stimulatkm of naive T cells against bacterb h not dear, 
but dendrttic ceNs are known to be highly effkriant In 
prtmbig resting T cells. Since the antigen Is expressed 
In the cytosol of these oeNs, a strong cytotoxic T-cal 
response b to be extracted. 

The induction of strong helperand antttxidy rasponsa 
Is puzzing and can presently only be specutated upon. 
Soma cytosoRc proteins can be effldently presented 
by MHC class II molecuies Uaraquemada et al.. 1990; 
Brooks and McCbskey, 1993). However, It wouU be 
very fbrtuftous If aP three proteins used bi tha praaent 
study display this property. In any case. It couU not 
explain tha antibody responses that we observed 

Our interpretation of oral genetic Immurecution using 
attenuated salmonallae as canler Is schematlcaly de- 
puted In Figure B, Salmonella errtar tha host via M cafls 
in the intestine. The bacteria are taken up In the donia 
areas by phagocytic cells such .as rnacrophagoa and 
dendridc cefls. These cells are activated bythe pathogen 
and start to dffefentlate and probably to migrate Into 
lymph nodes and spleen. Durlngthls p^tod, the bactarto 
die due to their attenuating mutadon and Bjeraia the 
plasmu-baseo eukaryotlcexpresston vectors. Tha plas- 
mlds are then transfened Into the cytosd either via a 
specific transport system or by endosomal Mu^.H- 
naly, the vector enters the nucleus and Is transcrfibed, 
leading Id antigen expresskkn h the cytosol ofthe host 
ceBs. Spedfk: cytotoxk: T cells are induced by these 
actfvated APCs that lyse antigan-expresslng cells. Free 
antigen or dying ceUs are taken up by other APCs, which 
in turn stlmulato helper ceUs. Free andgen woukJ abobe 
responsible lor the induction of an antlbed|y rasponsa. 
Bacterlal endotoxin and DNA sequence motifs of tha 
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vector may also fiMlon as acguvant snd could contrft>- 
lite to the strength cf the responses obsmvod. 

The holper-T-cel response induced with tWs type of 
genetic immunizailon seemed Strongly biased toward 
the thl type as Indtcsted t»y IFN7 production of restlmu- 
latsd T calls In vftro and the high titer of \gG2a In the 
humml response Oviosmann and CofThian, 1989). ThH 
Is not unexpected ancB t»ctarla usua»y Miica IrAanv 
matoiy types of response. For many vacdnadon strate- 
gies, It Is definable to Induce a Th1 response for protec- 
tion against the correseponding pathogen. For exampla 
strains of mice thatrespond with Th2 eels against Letsh- 
mania major do not dear the parasite and are not pro- 
tected whereas mice that mount a 7h1 response are 
resistant (Sher and Coffmaa 1992). On the odtar hand, 
induction of a Th2 type rasponse or the conversion of 
a Thi response Into a lh2 response has lieen shown to 
bo advaittageous in inflammatOfy autohrvnune dkeases 
(Tlan et aU 199G). StmUarly, Inflections by nematodes 
might also requtra a JhZ response (Sher and Cofflnaa 
1 892). Since the tttcterla are only being used as a vahicts 
to transfer the expressbn plasmlds, and ther^ora play 
only a secondary role. It should be possible to man^- 
late the Thi response. The Induction or spedflc IgGI 
suggests the presence of a Th2 component durir^the 
helper response that might be augmentabla. Coaxpres- 
slon of the antigen ti^sther wAth certain cytokines Or 
costimulatcry molecules, or explortation of antlsense 
strategy to supprass costlmutatoiy molaculas. a^wJld 
make It possible to drive the responses more ixmid lh2. 

TWO weU-chMcterizad vlrutence toctors wm tasted 
as antigens for protection aga^ a lethal chalen^^ with 

L monocytoganes. Usterfol^ln has been shown b^ne 
to hduce prottcdon (Harty and Bevaa 1992; Hess ot 
IMCf). This was afso tiue under <sm experimental 
commions. Interestingly, even a single dose oTsalmonBl- 
lae harboring ttie eukaiyotic llstarfolysln expression 
plasmid was sufficient to arfcird 60% of the mice protBC- 
tion against a lethal challenge. On ti« othv hand, de- 
spita tha strong ActA-spadflccytDtoxk; helper, and an- 
tibody responses Induced by tiie pCMVactA vector, no 
protection was elicited. ActA b thus not a protoctlve 
antigen h this systera Tha mambrane prvKein ActA on 
chaltonga bacteria Is obviously not avaQable lo the pr^ 
sentation mechanisms as long as the bacteria are allva 
(Dar|] et si, submitted) (e.g.. extanstva phosphoryladon 



of tiM ActA protein by host kinases following Infecdon 
Rffly afVect Its ablltty to be processed). Nevenheless, tha 
rola of bacteftel surfece-bound proteins In protection 
can easily be addressed rww using the sabtionellae ays* 
tern for genetic vacclnadon. 

The rnducdon of a Strong end specific antibody re- 
sponse ttat can be measured In EUSA and by Irnmu- 
noUot revealed addfttonal benefits derived ftom the type 
of Immunlzatton descrftied hare. Ow results suggest 
tiiat ft msy be posslOlo to Insert practically ariy open 
reading frame Intoa eukaiyotfc expression plasmM and 
use SakTwnefla to delver It to mica to raba Ngh titer- 
specific polyclonal and possibly also monodonal anti- 
bodies. This wla faci&tBte the chflractertcation of gene 
products where only sequence InfonnatkNi 1$ avaHatrie. 
The posslbUI^ of genetic immuntzation witti DNA fr^ 
mants containing open reading frames allow r9- 
searcher^ to define the fiaictfon of new gene products^ 
provide novel serological reagents, and permit dolnea- 
tion and assess efncades of protective antigens in vac- 
cination protocola. 

In condusloa atteraiated Salmonela titat cany eu- 
Karyotic expression vectors can be used for genetic 
Immunization via the oral route. Tha stfrnubtion of cyto- 
toxic and helper T cells es well as the Induction of a 
strong antibody response proMas a vary versatile sys- 
tem for new Immunlzfltion strategies. The strength of 
tiib apprvMch also draws on tiw development of newer, 
more rationaDy attenuated Salmonellae strains as weH 
as technical advances ki providing conditional and tar- 
geted Buliaiyotic expression by the infected host oeP. 



EipsiiiMotii Procadim 
Mi«a 

e- to 8-WBflk^d female BALB/C (H-n rnkse weie used. 



Matfl*, R<tgtnU,wrftoBgMn 

CeH iMm Culuirwl In RPMI/1096limt dovbw nmnL SoDd ard 
Lwte BmBfil madhjm (LB. Safltlwoohj WB* uwd to gnw L col M 
S. tyiMrnuritfn strekis. arafit hMn Musim brotii cv apr 
Delmli, MQ ta^ utwl ID gniw t. niQfiscyt09»rin. Mk^ 
pienmed ntwre reqUM akn 10D 

was puHfM to dvsotbed a)BdI M «JL, lewb). SohJbiB AclA pmt^ 
(M wi« pudllBdfnin supemawns of roeomUnsm L mono- 
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Tha L coli ftUtin XLI-BIM (9tr«te9en«, HalMlberg, Geimany) was 
used B5 a host during in ctonbtg Axp^rimems M to propagate 
pla$ivUd». The auxotrophic 5. typhtmurtum amA ^In SL7207 C5> 
typhnuirium 2337-66 d«1v«th^ hifG^^ DEUO? tanoArTViKHTte-qjll, 
Mndty prvvkl*d by Qr. a A. a Slacker, StsflToni, CK was iBsd 
Bs B carriw fior the in vivo mudiK, L tiw w cy tog en ^ j strain £00 
(sBTot^rpe 1/2b; Chakraborty «t «L, 1 993 w« iiMd ffor m vfvo protec- 
tion assays and tor preparation of gonamte DMA to done #ct4 and 
A{yg«nH. TheeLKftiyotlc eiq^BSslon vKtorpCMVp (Ctonttdtr Pito 
Alto, CA) wa9 U9ed ror cloning a truncated vartant of BctA or Ny, 
For «RprCHfOn or &-9»l 11 MfenoneBae* the plasmfd pAH97 was ia»d 
(Hoftel et BLr 1992). It coniafrH tta Pr M P» pr onwof dtt jrytf? 
geneofPsBudomonaB puddB BndiBHitslnconstiuidv««xprtstion 
or ^•^al (8B4 U) In Itie S. typMmurluni eioA Etrabi. 

Itecorrdinaid DNA TMfliti(|dM 

DNA prepsTBtlon, genetic menlpiiAlfam, PCR. and transltannfitkin 
oTbecterlBttfere canted out acconltng to standanl proton^ (Sam- 
bruck et at„ 1982: H»nahimi ^B9^ CTCalls^iaii and Charfait l990i 

aonftig tf «oU Md nqr Into the Eukaiyeilc 
Expmsim VeOlor pCMVp 

For Ihe conMnicdoi) or dte eukoiyeiic eitpfV99iafl vecw 
a 1 .fi lib Ae^rt encodmg »A 31-413 or ei) ActA pol)peptfde Mrt^ 
Otn the memtfane andwr (Domann et alt IMS} wn ampOnod by 
PCA using pdmsra.' S'-ATAAdAATOCGGCCGCCATGGCGACAGAT 
AGCGAAGATTCTACTC-S' and g'^TAAQAAT GCGGCCGCT TACGT 
CCTATGGTTCCCTCGTTCTT03'. In a almliar way, recamUnant 
plasmld pCMVhIy was constructed. A 1.4 kb rr^gnMM OiKOdhl9 « 
non-hemfHytk variant comprtxbig ee 29-^ Ci f^quengaud et 
1986) was ampUned u^g primers: 5*-ATAAGAAT GCGGCCCCC AT 
GGAT(Xy^TCTGCATTCAATAAAQAAAATTC^• end S'-A7AAGAAT 
GCCGCCGCT TATFTAGCGTAAACATTAAtATTTCT CGCfi-S'. PCR 
pftrrwc comaln Nod fknikins rMtricti^ 

stopcodens were also Iritroducsd (ATG endTTA tn boldV. pCMVlctA 
endpCMVhiyMmgefmted fay rBptaefais Mel of pCMV0 byHie 

PCR rfigmcois. 
bxtnemizaftlonand Chalensa 

Groups cr 6-10 remale BALB^c mice were fed wWi 30 fil of 10% 
sodium blurbontte bUiror comahmg IQ" recombinant S. typftlmu- 
ftum eroA strain herbortng one of the eukaiyotlc eapresshm vectos 
or the prokaryotic ^ %jpm^ piftsmtt pAH97 ^<onel et aL, 
1992). Mice recehnd etther aakigle bmiuntzalkm or ftiur erwntiram- 
tPom«t 14-day mtervals. Serum avnp^ from both ^oupe of irioe 
were obtained on dfty9 -1. 7^ 21, 3S» M 93. Mice or each group 
were Becrtflced atwwdn 3, 9, 7, and It altir iha llrrt lii mmii aticr) 
artd tested fbr T-cel reifwnseE^ For protacdon stutflK. tmmuntttd 
mlc« were chenenged Irtrevenoioiy on day 00 wMi B lethal dose of 
S X 10<Litioitocy(og*nes.5tirvMiofrnieettiMfbNowBduntliday 
14 post-chiflenge. All (hos* e K paritnan te were perfemied at M 
.ban tfanes. 

CTL and Piul heiiU on Aficey 

For the detennlnadon ef Mucdon of cytotoxic T ceKs, die JAM 
a5»y was performed fAatzln^Br, 1891). To lest for UO-q»c{f)c 
cytotoitic T oelH» P819 target cfiH imre senakHed with 1 iigAnl 
or UO pepOde aa oi-bb (Pamer et bi.« 190i)l The ActArspedflc 
cylotOJlic^y wta roveaM by sonsftizlno the (odiotabcto^ 
whh a mbtture ori (igAni purtfledr bemofyocalfy active UO and i 
lig/ndof purtfied ActA pioieln for 30 ndn et RT. To moesurt dM ^-gal- 
apedftc cytmwddly, P13.1— a Pei9 darivMfve nn*faciad whh tfia 
O-gai gene i«a s u»ed as target eeas ffUmmensae et au 198^ 
ProUterationorT eels were dkeci^aiul^ by H^thymMIne meer- 
poralfon la desottwd (DerJIel at 1995ei 

EUSA 

To a^faluate the leveta of apeeWc bnmumglobi^ or IgG sub- 
dtAiet Irt ttAAt Standard £U3a wuempifiyHi wfth ttkittoyiaced 
eoeiBmHnmsefg(Dianova,Hembur9, Germar^ordkeetllyoo^ 
gated goat end-mOuse I^GIr IgCla. IgOZb. and 19G3 (Ctfiag Labo- 
reloileEi CA). 



Detectkn or »-Cbi AdMty 

ExpnisBon of ^-galin host cell» was menhored bybtcubetkigtha 
fbted celE wfeh dwtndlceiOr «ub$tr»T« X-gaL Brtefly, botated perito- 
n*al macfOprwige* wem aJlewed to edherB for 1-2 tw at 37^ bl ■ 24- 
wvl pleia trt antibbOc-f^ medum. After rerTKwhg die nonadharenl 
ceMs end wastvng widl andbiotic-ftea mecdum, typhbnurfaan eniA 
hadiorlne die eukaryodc axpre^Slon vector pCMVp were edded to 
the eels at a MOI of 10 and mcubaled « 37*C fbr 16-30 mm. CeBs 
were washed agaJrv end baetsrlB remsMis extrecelkilaf were IdVed 
by addMcfl of medium comolnfaig SO fig/mi gentamidn. Foloaring 

4 hr of irtcubation at STX. 10 MgAnr ci tatiBcycUne was edded to 
some of die cultim to block me tnraceHMar becteriel eiutelpica- 
dan. and hcubodon was oondmnd for arrotfier 24 hr. After 2^ 
washes wtlh PBS, celt3 were ffatad wtth Bcstona/medianol (1:1 vH 
er>d fVesttly pfepaied iC-^ai aubstrete ^ rnM potasshim fario^r)^ 

5 rnM potasdum faivlCyftnlde, 2 mM MgC% and 100 rr^/mi X-g^ h 
PbS) was added. After ovemgtt rncubadort at 37*C. 0-ga(-expre99- 
ihgCelSwtn detected by ftg^mlcmsGopy. QuBitkBdcn of ^-gal 
en^atlc ectivf^ Id rtCOmbHum bacteria was dctennlnea ao- 
cordkig (0 standard procedures (Sambrook et bL. 1982)w Back* 
ground (4U) was subsvecced trom the experimental valifls. 

RMA Isoiatiofl «nd vr-pCft 

To test Ibr evpieuiortoi p-gal ranshrrad hto die aiAaiyoik: host 
eels via SabnOMRar dta mRNA «a9 probed fbr tke preBenee ol 
spltce product* dadved Pom the space dtvwr end ecceptoreer the 
eifKBsiton plasnM. To chrs «hd, PECs were brfected In vtoo ol 
an MOt of ID w)9i S. typhimuiwn aroA Itaitcfing die atdcaryotle 
expresEton vector pCMVp and Hofaton or miA, and ftl-PCR was 
peffiormed according to Btandard protocols (Chomczyntki and Sac- 
Chi, 1067: Vmes. 1993). PQR wbb perfocmed hir 35 cycles ol 20 a 
95^ 30 s 9arc, and 30 s 7rc The priiwr pak was deslgnBd in 
such B way diat dw presence or splice products should be IndleatBd 
by a IBO bp andfcr a 125 bp fmgmam. Pitmen wed: SVaoi: 6'- 
GGATCCGGTACTCGAGGAAC^; 5V4Qr. 9'4»CTTTAGCAGGCTCT 



S >( 1 0F Bdhwent PECs were nCected widt 9( 3. typnturktm 
aroA heitorkigpCMVIp, biCabaiedfiorahrto medium with or wlhoul 
antlbhillcsr end left et 37°C for verioiis pldods or tana. ceDS were 
then starved 30 rr^n bi methkmbie-fraa medium and pulsed wtth 1QD 
nCt fS^methkmlne for £ hr. kramanprBc^iBdanB were perf oi i nad 
wHh antt-9-9al andbodtas (Prnmega) end enalyxed M 8% SDS- 
PAGE fbltowad by nuorography. Into some sanptee, a lOO-fokl ex- 
cesE of ^-gHl protein waa added befofa addition of and>9-gM antt- 
Iradlos to drteimlne the Bpedndty Of ttia pradKMiadon. 

Atoi uwIedHii iei iU 

Ute are Bretaftil lo A. Schott fbr secretariBt assManee; to IL LescK 
M. Ungneu, a Jakubzlkr ard 5. zur Lage fbr axpentachfUcatasaia* 
cance; to Dr. P* Monner for crMcal leedkig of the man u scri pt and 
CO Dr. B. A. D. Stacker tor khdty provUtng Saknonela strain SL 
7207. Pes worit was supported in put by grBtite fkom the DFG le 
J. W. and T. C; from the QMBF to j. W.. T.C^ end and 
fhyn die rOedeiGdchsiEche Mnistarium fth Wi^^ 
toJ. W. 
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